Field trial was conducted in 2006, 2007 and 2008 wet seasons, at the Institute for Agricultural Research Farm, Samaru in the Northern Guinea savanna of Nigeria to determine the effects of nitrogen and sulfur fertilizers on nitrogen uptake of quality protein maize (QPM) varieties. Treatments consisted of four (4) rates each of nitrogen (0, 60,120 and 180 kg N/ha) and sulfur fertilizer (0, 5, 10 and 15 kg S/ha) and two QPM varieties (Obatampa and EV -99), laid out in a split plot design with variety and nitrogen in the main plots and sulfur in the sub plots and replicated three times. The results show that varietal differences influenced soil and flag leaf nitrogen in 2006 and 2008 respectively. Nitrogen application did not affect nitrogen content in the soil at all the three years of the trial. However, Ear, Flag and Grain nitrogen content was affected by nitrogen application. Sulfur application influenced soil, ear leaf, flag leaf and grain nitrogen content in different years of the study.
Introduction
Maize is one of the most important food crops worldwide and grown between latitude 58 o N and 49 0 S of the equator (Seed Co., 1999) . Maize ranks second to wheat in the world cereal production (Kumar, 1993) . Maize is the most important cereal in the Sub-Saharan Africa and one of the three most important cereal crops in the world with rice (Oryza sativum L.) and wheat (Triticum aestivum L.) as the other two. Maize is high yielding, easy to process, readily digested and costs less than the other cereals (Kumar, 1993) . Varying latitudes have an effect on number of days to flowering and maturity (Seed Co., 1999) . This is as a result of higher temperatures at lower altitudes, which accelerate growth while the lower prevailing temperatures at higher altitudes retard growth and extend time to maturity (Seed Co., 1999) . Maize is the most important cereal in the United States occupying double the area of all others crops (Kumar, 1993) . Some parts of Africa particularly South Africa, Malawi, Zimbabwe, Kenya, Tanzania, Ghana, Nigeria and Egypt are suitable for growing maize and it is fast replacing traditional staple foodstuffs such as Sorghum (Sorghum bicolor L.) and Millet (Pennisetum glaucum L.). Once introduced where the soil and rainfall are suitable for its growth, it quickly replaces the traditional cereals perhaps because of its high yield (Kumar, 1993) . It provides nutrients in a compact form, easily transportable and the husk gives protection against birds and rains. It is easy to harvest and harvesting can be spread over a long period (Kumar, 1993) .
Maize is used as human food, chemicals, medicines, biofuel, ornamental and other uses e.g. variegated and colored leaf forms as well as those with colorful ears are used Janice et. al., (2010) .
Nitrogen is the motor of plant growth and makes up 1 to 4 percent of dry matter of the plants ( Anon. 2000) . Nitrogen is a component of protein and nucleic acids and when N is sub-optimal; growth is reduced (Hague et. al. 2001) . Nitrogen is the most limiting nutrient in the savanna soils where the soils are predominantly coarse textured and characteristically low in organic matter. Its deficiency is usually recognized first by pale green or yellowish green colour of the leaves, followed by premature necrosis of the older leaves. Where soils are rich in organic matter, such as where the land has just been cleared after a long fallow, a fair amount of nitrogen would be made available to crops through the decomposition of the organic matter (Anon., 1989) . Based on the importance of nitrogen as mentioned above, it was chosen as one of the factors of the treatment. Thomas et al. (1984) reported that when N was sufficient protein content was 55%, but when N was deficient the value changed to 25%. Protein content did not increase significantly with the addition of 40 kg N ha-', but increased with higher levels of N to 160 kg ha - (Gauer, et. al., 1992) .
Likewise Sulfur is recognized as the fourth major nutrient after N, P and K. on the average maize crop absorbs as much S as it absorbs P. When S is deficient in soil, full yield potential of the crop cannot be realized regardless of other nutrients even under good crop husbandry practices (Tandon, 1989) . Deficiency of S is likely to be widespread in Africa, especially in the savanna regions, where annual bush burning results in losses of sulfur to the atmosphere as Sulfur dioxide (SO 2 ) (Tandon, 1989) . Ray and Mughogho, (2000) reported that Sulfur is a secondary nutrient that is taken up by most grain crops in amount similar to those of P, namely 10 to 30 kg/ha. Muhammad et. al. (2004) also reported that S application significantly increased N uptake by maize plant when sulfur was applied from 0 up to 30 kg S/ha. Significantly higher N uptake was observed when 30 kg S/ha was applied over 20 kg S/ha but the differences among the rates below 20 kg S/ha were found to be non-significant (Muhammad, et. al., 2004) .
Application of sulfur significantly increased the S uptake by maize grain, which may be attributed to increase of S concentration in plant and dry matter yield. Increasing level of S progressively enhanced the average total N uptake by maize. This increase in N uptake may be attributed to increase in N content of plant and dry matters yield due to increasing S levels. Such synergistic relationship between N and S has been reported by Sachdev and Deb (1990) .
The investigation was therefore, aimed at evaluating the effects of nitrogen and sulfur on N uptake of quality protein maize (QPM) varieties, yield performance and protein content in grains.
Materials and Methods

Experimental Site
The experiment was conducted at the Institute for Agriculture Research (IAR) Farm, Samaru, Zaria (11 0 11 / N; 07 0 38 / E and 686 meters above sea level), located in the northern Guinea Savanna ecology. The experiment was carried out for three wet seasons, 2006, 2007 and 2008. 
Treatment and Experimental Design
The treatments consisted of two (2) open pollinated quality protein maize (QPM) varieties (Obatampa and EV -99), four rates of nitrogen (0, 60, 120 and 180kgN/ha) using urea and sulfur (0, 5, 10, and 15 kg S/ha) in the form of potassium sulfate. The experiment was laid out in split plot design with nitrogen and variety in the main plot and sulfur in the subplot. The experiment was replicated three times, each replication comprised of thirty-two plots. Borders between plots within a replication were separated by one meter spacing and between replications by spacing of 1.5m. Gross plot size was 6 ridges i.e. 4.5m by 2.5m, giving an area of 11.25m 2 , while net plot size was 4 ridges i.e. 3.0m by 1.5m with an area of 4.5m 2 .
Description of the Varieties Used
The two varieties of QPM used for this study namely Obatampa and EV-99 were the most popular varieties in the study area, which have reached the hands of the farmers; hence their choice for the study.
Cultural Practices
Land Preparation, Planting and Fertilizer Application
The land was double harrowed and then ridged 75cm apart. Plots were demarcated after ridging with well-formed borders between plots and replications to minimize nutrient seepage. Sowing was done by hand in June after rainfall to provide moisture for better germination. Two seeds were planted per hole at the spacing of 25cm between holes, and then the seedlings were later thinned to one plant per stand at two weeks after sowing.
This gave plant population of 53,333 plants per hectare. The nutrients applied were N, P, K and S. However, P and K were equally applied to all the plots while N and S were as the treatment indicated. N was applied in two equal doses, at 3 and 6 weeks after sowing when the whole of P, K, S and half of N were applied at three weeks after sowing.
Pest and Disease Control
Weeding was done by hoe to control weeds at 3 and 6 weeks after sowing. This was followed by remolding immediately after the second weeding and at the time of second dose of N fertilizer application. Stem borer infestation was observed, which was controlled by spraying with a combination of cypermethrin and dimethoate at the rate of 1 litre per hectare. No disease was observed throughout the period of the trial.
Ear and flag leaves from the plants in each plot were collected at 50% tasselling while grains at harvest, oven dried to a constant weight and ground into powder using grinder. The powder was then using 100-mesh sieved and one gram was used for laboratory analysis for N and S. One gram of the sieved sample was digested using sulfuric acid and perchloric acid with copper and sodium sulfate acting as catalysts. The digest was then used to determine N and S content of the leaves. Part of the digest was distilled into boric acid and the distillate was then titrated against a standard hydrochloric acid (HCl) and the percent N and S contents were determined from the titre using Macro -Kjedhal method (Bremmer, 1965 , IITA 1975 . Chemical characteristics of the soils of the trial fields indicated that total nitrogen was low in 2007, medium in 2008 and high in 2006 with values of 0.11, 0.18 and 0.27% respectively. Varieties did not show any significant grain yield difference in the three years and when averaged over years.
Statistical Analysis
Data collected were subjected to statistical analysis of variance and means of treatments were compared using Duncan Multiple Range Test (DMRT) (Duncan, 1955) .
Results
Nitrogen Content in Soil after Harvest
Effect of varietal differences, nitrogen and sulfur on nitrogen content in soil after harvest is shown in Table 27 . Varietal differences had only significant influence on N content in soil in 2006 whereas Obatampa had significantly higher N content.
Soil N content was not influenced by N application in all the three years. Application of sulfur influenced soil N content only in 2006. All the three rates produced similar but significantly higher N in the soil than when sulfur was not applied.
Nitrogen Content in Ear Leaf after Harvest
Effect of varietal differences, nitrogen and sulfur on nitrogen content in ear leaf after harvest is shown in Table 1 was applied compared to 120 and 180 kg N/ha which were statistically similar. In 2008, 120 kg N/ha produced significantly higher ear leaf N content than other rates which were statistically similar.
Sulfur fertilizer only influenced ear leaf N content in 2006. Sulfur rate of 5 kg/ha produced significantly higher N content than the other rates which were statistically similar. Effect of variety, nitrogen and sulfur on nitrogen content in soil, ear leaf, flag leaf and grain after harvest is shown in Table 1 . Varieties tested only differ in their flag leaf N content in 2008 and soil N content after harvest in 2006 with Obatampa variety giving significantly higher N content than EV-99.
Nitrogen Content in Flag Leaf after Harvest
Effect of varietal differences, nitrogen and sulfur on nitrogen content in flag leaf after harvest is shown in Table  1 Flag leaf N content was only affected by sulfur application in 2007, with 15 kg S/ha producing significantly higher N content in the flag leaves than the other S rates which were statistically similar.
Nitrogen Content in Grain after Harvest
Treatment effect on nitrogen content in grain is shown in Table 1 . There was no significant difference in maize grain N content between the two varieties tested. Nitrogen effect was significant in 2007. Zero N rate produced significantly lower grain N content compared to the other rates which were statistically similar.
Effect of sulfur was only significantly in 2006 where 5 kg S/ha produced significantly higher grain N content than the other S rates which were statistically similar.
Grain yield/ha and N uptake by the plant were significantly influenced by nitrogen application in all the three years of the trial. This could be attributed to the fact that yield and yield components depend on better growth and development of the crop which was observed with the plants applied nitrogen fertilizer, hence, better photosynthetic processes for higher assimilate production leading to higher grain yield. A similar trend was also reported by Olowe and Busari, (2000) ; Okpara et. al., (2007) ; Mohammed and Fathy, (2009) .
Conclusions
In conclusion the result obtained from this study showed that Obatampa and EV-99 varieties were similar in their N uptake. The results also showed that, nitrogen content of soil, ear leaf, flag leaf and grain analyzed after harvest was significantly influenced by varietal differences, nitrogen and sulfur fertilizers in some of the three years of the study. Means followed by the same letter(s) within a treatment group are not significantly different at 5 percent level of significance using DMRT NS = Not Significant * = Significant at 5% level of Significance ** = Significant at 1% level of Significance
